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Abstract of JP5234899 

PURPOSE:To reduce a volume of a vacuum 
chamber, to extremely effectively conduct an atomic 
layer epitaxy and to improve reliability. 
CONSTITUTION:Gas cells 20, 24, 26, 25 are 
disposed in a vacuum chamber 16. Shapes of 
discharge ports of the cells 20, 24, 26, 25 are 
formed in a rectangular shape in which its long side 
is at least longer than a diameter of a substrate 15. 
A gas diffusion plate is provided from gas 
introducing tubes of the cells 20, 24, 26, 25 to the 
ports. A plurality of the substrates 15 are rotatably 
moved perpendicularly to the diffusing directions of 
the cells 20, 24, 26, 25 to alternately irradiate the 
substrates 1 5 with a plurality of types of the gases 
from the cells 20, 24, 26, 25, thereby repeating an 
atomic layer epitaxy. 
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1 1 Sfi± i-8&a©M**#x x-fc;kfc s 

/XRKlgftEVU J:E2rx-fe»©etfflP©«tt£a« 
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fcfftlWWl E«©K : fBxe**v'-Sfi. 

ftft&t«M*8i i E«©s^@xt^*->-se. 

M** 6 ] a»a©±Elg«#X * 1 0©±E# X-fe: 

;w>6±ES«icfia»-r5 c t &r «n*a i e 

[000 1] 

gxtf^^v-icisiBft^jg©^. rasawfcga 

y*fctt»ll***Stf*fc*©**«Xlf**3'-il 
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* 4 5 ©HBUfcfcWrS £ ttCfc^TITFJfXfc:**^ 
-*tff&fcn*. -T^fc^. #X-fc»4 1 a©/W74 
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. (5/^4 2, ->*y*4 5 SHU*. ^€fc. JSCS? 
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[00 191 o*C, COBWCBSB^Bxtr^+i/ 
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GDZn STeC^liTS^Te £©»*Jt*6 5 : 3 
5, piJ7*;H13 70ZnSScl:iUTSi:Se 
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'&4:Atf2*RB*C»45Znfl)B»tLTDMZ, 6& 
BXTMSe, S, T e©ffitl/TI4DMS e, D 
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N Tf 35 ^> G a OB» t b T T M G ^O^tK&JS » X 
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■ 3 9 <Z>j££l9t4, DMZtt/fX : feJW2.0*6, DM S *. *&, ;^^©BH»fl 2 **i:«)a:'<3S:**6. #X 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim 1] The atomic -layer-epitaxy equipment characterized by to irradiate two or more sorts of material gas by turns from a gas cell 
on a substrate, to arrange two or more above-mentioned gas cells in a vacuum chamber in atomic-layer-epitaxy equipment which 
repeats atomic layer epitaxy, to make a configuration of a delivery of the above-mentioned gas cell into a rectangle mostly, to form a 
gaseous-diffusion board in from a gas installation pipe of the above-mentioned gas cell before the above-mentioned delivery, and to 
rotate two or more above-mentioned substrates in the direction of a right angle to the diffusion direction of the above-mentioned gas 
cell. 

[Claim 2] Atomic layer epitaxy equipment according to claim 1 characterized by holding during growth the above-mentioned 
material gas supplied from the above-mentioned gas cell to constant flow. 

[Claim 3] Atomic layer epitaxy equipment according to claim 1 characterized by installing a gas cell to which dopant gas is supplied. 

[Claim 4] Atomic layer epitaxy equipment according to claim 1 characterized by forming a heater in the above-mentioned gas cell. 
[Claim 5] Atomic layer epitaxy equipment according to claim 1 characterized by the above-mentioned material gas being organic 
metal gas. 

[Claim 6] Atomic layer epitaxy equipment according to claim 1 characterized by irradiating two or more sorts of above-mentioned 
material gas from the one above-mentioned gas cell at the above-mentioned substrate. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the atomic layer epitaxy equipment for growing up high-concentration doping or 
the thin film by formation of the superstructure by atomic layer epitaxy, such as a compound semiconductor, the laminating of a 
periodic dissimilar material, and atomic layer doping. 
[0002] 

[Description* of the Prior Art] Conventionally, the atomic layer epitaxy equipment (for example, JP,62-222628,A, JP,63-136616,A) 
used for formation of the superstructure by the atomic layer epitaxy using a self RIMITINGU device and the laminating of a periodic 
dissimilar material has basic composition as shown in draw ing 7 . That is, the inside of the vacuum chamber 46 is maintained by the 
ultra-high vacuum by evacuation equipment 49 and the shroud 44 cooled by liquid nitrogen temperature. The gas cells 41a-41c 
equipped with the heater 43 are installed in the vacuum chamber 46, a heater 43 performs the pyrolysis of the material gas in gas cell 
41a - 41c, and the flow rate of the material gas supplied from gas cells 41a-41c is controlled by the massflow controller and the bulb 
42. Gas cells 41a-41c are countered, and the substrate 47 is arranged. Moreover, it has the shutter 45 for intercepting a molecular 
beam near the delivery of gas cells 41a-41c. On the other hand, in order that a substrate 47 may be heated by suitable crystal growth 
temperature and may acquire the temperature within a field, and the homogeneity of thickness at the substrate heater 48, the substrate 
heater 48 performs rotation movement. 

[0003] In this atomic layer epitaxy equipment, atomic layer epitaxy is performed by controlling closing motion of the bulb 42 of 
each gas cells 41a-41c, and closing motion of a shutter 45. That is, the bulb 42 of gas cell 41a and a shutter 45 are made open, and 
after irradiating the material gas of the 1st sort at a substrate 47 and growing up one atomic layer, the bulb 42 of gas cell 41a and a 
shutter 45 are closed. After exhausting the material gas which remains in the vacuum chamber 46 next, an aperture and the material 
gas of the 2nd sort are irradiated to the bulb 42 of gas cell 41b, and a shutter 45 at a substrate 47. Thus, atomic layer epitaxy is 
performed irradiating the material gas of the 1st sort and the 2nd sort by turns, and the superstructure is formed. Moreover, when 
doping, while irradiating the material gas of the 1st sort, and the material gas of the 2nd sort, dopant gas is irradiated by gas cell 41c, 
or is irradiated at either and coincidence of the material gas of the 1st sort and the 2nd sort. 
[0004] 

[Problem(s) to be Solved by the Invention] this atomic layer epitaxy equipment - setting ~ the whole surface of a substrate 47 - 
crossing - a molecular beam -- it can do ~ **** « since it is necessary to take a long distance of a substrate 47 and the delivery of 
gas cells 41a-41c in order to glare by uniform intensity distribution, the capacity of the vacuum chamber 46 also becomes large. 
Moreover, if the distance of a substrate 47 and the delivery of gas cells 41 a-41c becomes long, the ratio of the molecular beam 
directly irradiated by the substrate 47 becomes small, and not almost all the material gas injected from gas cells 41a-41c must 
actually contribute to growth on a substrate 47, but must be exhausted as surplus gas. Therefore, what has the large amount of 
exhaust streams is not only needed for evacuation equipment 49, but in case material gas is switched, the purge timing for exhausting 
surplus gas becomes long. Moreover, only one substrate 47 can be processed by one growth. For this reason, the effectiveness of 
atomic layer epitaxy is low. Furthermore, if the count of a laminating is made [ many ] since the switching action of a bulb 42 and 
the switching action of a shutter 45 are required whenever it switches material gas, and speed of a switching action is carried out 
early, since it becomes the cause of failure, and the over shoot of a quantity of gas flow and undershoot arise in the case of the 
switching action of a bulb 42 and a shutter 45 and stable quantity-of-gas-flow control will become difficult, it is unreliable. 
[0005] It was made in order that this invention might solve an above-mentioned technical problem, and capacity of a vacuum 
chamber can be made small, and it aims at being able to perform atomic layer epitaxy very efficiently, and offering reliable atomic 
layer epitaxy equipment. 
[0006] 

[Means for Solving the Problem] In order to attain this purpose, two or more sorts of material gas irradiates by turns from a gas cell 
on a substrate, two or more above-mentioned gas cells are arranged in a vacuum chamber, a configuration of a delivery of the above- 
mentioned gas cell is mostly made into a rectangle, a gaseous-diffusion board forms in atornic-layer-epitaxy equipment which 
repeats atomic layer epitaxy in from a gas installation pipe of the above-mentioned gas cell before the above-mentioned delivery, and 
two or more above-mentioned substrates rotate in the direction of a right angle to the diffusion direction of the above-mentioned gas 
cell in this invention. 0 

[0007] In this case, the above-mentioned material gas supplied from the above-mentioned gas cell may be held to constant flow 
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during growth. 

[0008] Moreover, a gas cell to which dopant gas is supplied may be installed. 
[0009] Moreover, a heater may be formed in the above-mentioned gas cell. 

[0010] Moreover, it is good also considering the above-mentioned material gas as organic metal gas. 

[001 1] Moreover, two or more sorts of above-mentioned material gas may be irradiated from the one above-mentioned gas cell at the 

above-mentioned substrate. 

[0012] 

[Function] In this atomic layer epitaxy equipment, since distance of a gas cell and a substrate cari be shortened since the molecular 
beam of uniform reinforcement can be irradiated over the whole substrate surface by moving a substrate in the direction of a right 
angle to the diffusion direction of a gas cell, and material gas can be switched by rotation of a substrate, the switching action of a 
bulb and a shutter becomes unnecessary. 
[0013] 

[Example] Hereafter, an example explains this invention to details. 

[0014] Plane section drawing showing the atomic layer epitaxy equipment which dr awin g 1 requires for this invention, the positive 
cross section of the atomic layer epitaxy equipment which showed draw ing 2 to drawing.! , plane section drawing showing some 
atomic layer epitaxy equipments which showed drawing 3 to drawing 1 , and drawing 4 are the positive cross sections showing some 
atomic layer epitaxy equipments shown in draw ing 1 . The substrate rolling mechanism 29 is installed in the upper part of the 
cylinder-like vacuum chamber 16, and the substrate supporter 13 rotates by the substrate rolling mechanism 29. The shield board 23 
arranged between the substrate holder 22 and the substrate holder 22 is attached in the substrate supporter 13, and two or more 
substrates 15 are held at the substrate holder 22, respectively. Moreover, between the substrate supporter 13 and the wall of the 
cylinder-like shroud 18, few [ the degree in which it does not interfere ] crevices are prepared. Gas cells 20, 24, 26, and 25 are 
attached in the side of the vacuum chamber 16 through bellows 21, and can choose now the distance of gas cells 20, 24, 26, and 25 
and a substrate 15. The gas cell inlet 19 for making gas cells 20, 24, 26, and 25 counter a substrate 15 directly is established in the 
side of a shroud 18. Moreover, the exhaust port 17 is established between each gas cell inlet 19 at the shroud 18. The substrate heater 
27 with a cylinder-like heating surface is held by the heater attachment component 28 arranged in the center of the vacuum chamber 
16, and the substrate heater 27 carries out radiation heating of the rotating substrate 15 from the back. Here, since it is not necessary 
to make it rotate with a substrate 15, the substrate heater 27 is immobilization. Moreover, the material gas emitted to the vacuum 
chamber 16 and the emission gas from the configuration member inside the vacuum chamber 16 are exhausted by the exterior of the 
vacuum chamber 1 6 with evacuation equipment 3 1 with the low ultimate-pressure force with the large and amounts of exhaust 
streams, such as a turbo molecular pump connected to the exhaust port 30 of the lower part of the vacuum chamber 16, and a 
diffusion pump. Furthermore, the long side of the configuration of the delivery of gas cells 20, 24, 26, and 25 is a rectangle [ at 
least ] longer than the diameter of a substrate 1 5, and the gaseous diffusion board 8 is arranged inside after passing a bulb 14 and the 
gas installation pipe 7, and material gas passes through the gaseous diffusion zone surrounded with the gas shield board 3, and is 
emitted. With the gaseous diffusion board 8, the intensity distribution of the molecular beam 9 at the time of passing through a 
gaseous diffusion zone turn into distribution gently-sloping to a lengthwise direction, and are mostly irradiated by the substrate 15 at 
homogeneity. When it is material gas which needs a pyrolysis, this gaseous diffusion zone is heated at a heater 5 beyond a 
predetermined pyrolysis temperature. The heat-shield board 4 is formed in the outside of a heater 5. 

[0015] In order to perform atomic layer epitaxy, irradiating the material gas of sort [ 1st ] - the 4th sort by turns with this atomic 
layer epitaxy equipment In the condition of having rotated to the clockwise rotation of drawin g 1 with constant speed (speed which 
can fully take the time amount in a raw material kind with largest adhesion on the surface of the substrate 15 of a raw material atom 
and time amount for migration), the substrate supporter 13 The quantity of gas flow supplied to gas cells 20, 24, .26, and 25 is held 
uniformly, and the material gas of sort [ 1st ] - the 4th sort is irradiated from gas cells 20, 24, 26, and 25 at a substrate 15. Here, since 
a substrate 15 moves in the diffusion direction of a gas molecule line, and the right-angled direction, a molecular beam can be 
irradiated by uniform intensity distribution over the whole surface of a substrate 15, and the pressure of the abbreviation closed space 
formed with the wall surface, the substrate 15, and the shield board 23 of a shroud 18 will be in equilibrium. Furthermore, the 
surplus gas which was not directly irradiated by the substrate 15 and the gas re-emitted from the surface of a substrate 15 adhere to 
the wall surface of a shroud 18, or is emitted from the crevice between gas cells 20, 24, 26, and 25 and a shroud 18, and is exhausted 
by evacuation equipment 31. Moreover, the shield board 23 prevents a surroundings lump of the material gas to the center section of 
the vacuum chamber 16. Furthermore, since the exhaust port 17 is established between each gas cell inlet 19 at the shroud 18 and the 
material gas which remains on the surface of a substrate 15 can be discharged in the process rotated while a substrate 15 counters gas 
cells 20, 24, 26, and 25, the cross contamination between each material gas can be prevented. 

[0016] In this atomic layer epitaxy equipment, like the atomic layer epitaxy equipment shown in drawing 7 Since suitable diffusion 
space for securing the homogeneity of the intensity distribution of the gas molecule line to a substrate 15 is not needed and distance 
at a substrate 15 and the tip of gas cells 20, 24, 26, and 25 can be made sufficiently small Since it not only can make capacity of the 
vacuum chamber 16 small, but the surplus gas which is not directly irradiated by the substrate 15 decreases, the great portion of 
material gas supplied to gas cells 20, 24, 26, and 25 will contribute to growth of a thin film. Therefore, when performing atomic 
layer epitaxy-growth, it ends with the very slight material gas amount of supply called a part degree for one atomic layer 
theoretically. This is very important, in order to maintain the pressure of the abbreviation closed space formed with the wall surface, 
the substrate 15, and the shield board 23 of a shroud 18 in the low condition and to lessen mixing of the impurity to the thin film 
under growth. Moreover, since the adhesion and crystallization of a raw material atom on the field of a substrate 15 become are hard 
to be checked by gas unrelated to growth, a crystal defect leads to obtaining few good thin films also at a low growth temperature. 
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[0017] Moreover, in this atomic layer epitaxy equipment, since the ratio of the surplus gas which does not contribute to growth can 
be made very small and two or more substrates can be processed to coincidence while being able to shorten switching time of 
material gas, atomic layer epitaxy can be performed very efficiently. Here, the membrane formation effectiveness of the atomic layer 
epitaxy equipment shown in the membrane formation effectiveness and drawing 7 of the atomic layer epitaxy equipment shown in 
drawing 1 etc. is compared. If [ make into T3 purge timing of the residual gas which requires the irradiation time of the material gas 
of the 1st sort in the atomic layer epitaxy equipment which showed the count of change over of material gas until it becomes 
predetermined thickness to S and drawing 7 in the case of T2 and change over of material gas of the irradiation time of the material 
gas of Tl and the 2nd sort, and ] T1>T2 Since growth in the case of the atomic layer epitaxy equipment shown in drawing 7 is 
performed in series, the time amount required for obtaining predetermined thickness is set to S (T1+T2+2 T3) per substrate. On the 
other hand in the atomic layer epitaxy equipment shown in d r a w i ng 1 etc., the rotational speed of a substrate 15 is set up according to 
the irradiation time Tl of the material gas of the 1st sort with the necessity of taking long irradiation time. The time amount which 
will require time amount until it makes a substrate 15 counter the following gas cells 20, 24, 26, and 25 for obtaining predetermined 
thickness if the installation number of sheets of the substrate 15 in T four and atomic layer epitaxy equipment is set to K serves as S 
{K(T1+T four)}/K=S (Tl+T four) per substrate. That is, the time amount of S {T2+ (2 T3-T four)} is reducible. For example, since 
it is necessary to switch about 1800 times of material gas in order to obtain 1 -micrometer thickness by atomic layer epitaxy in GaAs 
of 3-5 group whose lattice constant is about 5.6A, or two to 6 group's ZnSe, reducible time amount is very large. That is, if S= 1800 
times is taken for T 2= 7s, T3=10s, and T-four=ls, 14. 5h [ per substrate ] time amount is reducible. Moreover, with the atomic layer 
epitaxy equipment shown in drawing 1 etc., since rate-limiting [ of the rotational speed of the substrate supporter 13 ] is carried out 
by the irradiation time of material gas with the necessity of taking the longest irradiation time, even if the class of material gas 
increases, processing speed has the advantage of not increasing. 

[0018] In addition, compared with the attachment coefficient of a heteroatom, its attachment coefficient of the same atom is far 
small, and if the atomic layer epitaxy equipment concerning this invention is a raw material kind in which the mutual laminating in 
an atomic layer unit is possible, efficient atomic layer epitaxy is possible for it irrespective of the organic substance and an inorganic 
substance. Moreover, since the same is said of atomic layer doping, the controllability of doping concentration not only improving 
but high-concentration doping is possible. 

[0019] Below, a 2-6 group compound semiconductor is explained to an example about the crystal growth method by the atomic layer 
epitaxy equipment concerning this invention. 

[0020] The compound semiconductor of wideband GYAPU which consists of combination of Zn and Cd which are 2 ******, and 
Se, S and Te which are 6 ****** can have the band structure of a direct transition mold, and can take out 0.4-0.5-micrometer short 
wave Nagamitsu comparatively easily by the exposure of an electron ray and a laser beam. Moreover, the application as an efficient 
short wavelength visible light emitting device material is expected by presentation control of a configuration element from 
forbidden-band width of face being changeable in 1 .5-3. 8eV etc. For example, in the case of light emitting diode, element structure 
as shown in drawing 5 can be considered. In drawing 5 , p type layer 33 is made to carry out sequential growth of these at a substrate 
15 using what doped N of 5 group element to ZnSe using what doped Ga of 3 group element in n type layer 34 at ZnSe using the n 
mold GaAs, and an electrode 32 is formed. Moreover, in the case of semiconductor laser, basic structure as shown in drawing 6 can 
be considered. The application to the semiconductor laser whose theoretical oscillation wavelength indicated by "optics, the 20th 
volume, No. 4, and 216-217 pages (1991)" as an example is 0.52 micrometers is explained. In drawing 6 , a substrate 15 is made to 
carry out sequential growth of these at n mold cladding layer 39 using what doped N of 5 group element to the mixed crystal of 
ZnSSe at the barrier layer 38 at p mold cladding layer 37 using the mixed crystal of ZnSTe using what doped Ga of 3 group element 
to the mixed crystal of ZnSSe using the n mold GaAs, double hetero structure is formed, and an electrode 36 is formed. Each class is 
formed for acquiring grid adjustment with the substrate 1 5 of GaAs with such 3 yuan mixed crystal, and it is desirable to set [ in / for 
the presentation ratio of S and Se / ZnSSe of 65:35 and p mold cladding layer 37 ] the presentation ratio of S and Se to 6:94 for the 
presentation ratio of S and Te in ZnSTe of 6:94 and a barrier layer 38 in ZnSSe of n mold cladding layer 39. Here, using organic 
metal gas, such as DMSe, DMS, and DMTe, as a raw material of Se, S, and Te which are DMZ and 6 ****** as a raw material of Zn 
which is for example, 2 ******, after pyrolyzing by each gas cell, a substrate 15 is irradiated. Using organic metal gas, such as 
TMG, as a raw material of Ga which is the dopant of n mold, using NH3 gas as a raw material of N which is the dopant of p mold, 
after pyrolyzing by each gas cell, a substrate 15 is irradiated. 

[0021] The atomic layer epitaxy equipment concerning this invention explains below light emitting diode or semiconductor laser 
which was explained above about how it is made to grow up. 

[0022] DMZ irradiates a substrate 15, after a gas cell 20 to DMSe pyrolyzes a gas cell 26 to TMG from a gas cell 24 at the time of 
growth of n type layer 34 in the case of the above-mentioned light emitting diode. Here, the flow rate of DMZ and DMSe is 
maintained about to 1:1. Next, supply of DMZ and DMSe remains as it is, and the bulb 14 of the gas cell 24 of TMG is closed at the 
time of growth of p type layer 33, and after pyrolyzing NH3 from a gas cell 25, it irradiates a substrate 15. On the other hand, the 
temperature of a substrate 15 is held at 250-400 degrees C at the substrate heater 27, and let rotational speed of the substrate 
supporter 13 be the degree which can fully take the time amount in a raw material kind with largest adhesion on the surface of the 
substrate 15 of a raw material atom and time amount for migration. 

[0023] In the case of the above-mentioned semiconductor laser, at the time of growth of n mold cladding layer 39, after DMSe 
pyrolyzed DMZ from the gas cell 20 and a gas cell 26 to DMS pyrolyzes a gas cell 24 to TMG from a gas cell 25, a substrate 15 is 
. irradiated. Here, the flow rate of DMZ, DMS, and DMSe is maintained about to 1 :0.06:0.94. Then, closing feeding Rhine of a gas 
cell 26, it closes the bulb 14 of a switch and the gas cell 25 of TMG to DMTe at the time of growth of a barrier layer 38. Here, the 
flow rate of DMZ, DMS, and DMTe is maintained about to 1:0.65:0.35. Next, at the time of growth of p mold cladding layer 37, 
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feeding Rhine of a gas cell 26 is switched to DMSe, and it switches feeding Rhine of a switch and a gas cell 25 to NH3. Here, the 
flow rate of DMZ, DMS, and DMSe is maintained about to 1:0.06:0.94. On the other hand, the temperature of a substrate 15 is held 
at 250-400 degrees C at the substrate heater 27, and let rotational speed of the substrate supporter 13 be the degree which can fully 
take the time amount in a raw material kind with largest adhesion on the surface of the substrate 15 of a raw material atom and time 
amount for migration. 

[0024] As mentioned above, although the crystal growth method of the 2-6 group compound semiconductor by the atomic layer 
epitaxy equipment concerning this invention and its mixed crystal was taken to light emitting diode, and semiconductor laser was 
taken for the example and stated, the same is said of the case of a 3-5 group compound semiconductor, other mixed crystal, etc., and 
the raw material kind with which this invention is adapted, and its combination are not limited. 

[0025] In addition, in the above-mentioned example, although the material gas supplied to gas cells 20, 24, 26, and 25 was made into 
one kind, two or more sorts of material gas may be supplied from one gas cells 20, 24, 26, and 25 with a predetermined mixing ratio. 

[0026] 

[Effect of the Invention] Since distance of a gas cell and a substrate can be shortened, the ratio of the surplus gas which it not only 
can make capacity of a vacuum chamber small, but does not contribute it to growth can be made very small and two or more 
substrates can be processed to coincidence in the atomic layer epitaxy equipment concerning this invention while being able to 
shorten switching time of material gas as explained above, atomic layer epitaxy can be performed very efficiently. Moreover, since 
the switching action of a bulb becomes unnecessary, fluctuation of a quantity of gas flow is lost, and stable supply of material gas 
can be performed, and device actuation is simplified, and the reliability of equipment improves. Thus, this effect of the invention is 
remarkable. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is plane section drawing showing the atomic layer epitaxy equipment concerning this invention. 
[Drawing 2] It is the positive cross section of the atomic layer epitaxy equipment shown in drawing 1 . 
[Drawing 3] It is plane section drawing showing some atomic layer epitaxy equipments shown in drawing 1 . 
[Drawing 4] It is the positive cross section showing some atomic layer epitaxy equipments shown in drawing J. . 
[Dra wing 5] It is basic structural drawing of light emitting diode. 
[Drawing 6] It is basic structural drawing of semiconductor laser. 

[Drawing 7] It is the cross section showing conventional atomic layer epitaxy equipment. 
[Description of Notations] 

7 ~ Gas installation pipe 

8 - Gaseous diffusion board 
15 -- Substrate 

1 6 ~ Vacuum chamber 
20, 24, 25, 26- Gas cell 
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